Abstract: Uniform nanowires of silver and gold inside the channels of MCM-41 were prepared by controlled reduction of their respective metal salts with sodium borohydride (NaBH 4 ). Presence of nanowires of silver and gold in MCM-41 were confirmed by high angle X-ray diffraction (XRD) data (peaks between 2θ = 30 − 60
Introduction
In recent years, the interest in the preparation and characterization of nanostructured materials has grown constantly due to their potential applications in the fields of catalysis, optoelectronices, microelectronics etc. [1] [2] [3] [4] [5] [6] [7] . Accordingly, considerable effort has been focused on the development of nanostructures via synthetic techniques. Many studies on the methods for their preparation to achieve controlled size and shape have been reported, such as controlled chemical reduction [8, 9] , photochemical or radiation-chemical reduction [10, 11] , and gas evaporation [12] . The template method is well known and adopted as a convenient route for preparing nanowires of metals and other nanoparticles [13, 14] . The advantage of template method is that it provides good control over the size and shape of the nanowires and, can be used to prepare nanomaterials with the desired aspect ratio [15] .
There are also various reports on quantum wires of semiconductors prepared inside MCM-41 silica matrix. Optical properties of these materials are well studied for e.g. Ge, GaAs, InP etc. inside MCM-41 host [16] [17] [18] . These quantum wires are well ordered and separated by the silica walls of MCM-41 [19] . Due to optical transparency of the host material, such inclusion of a metal or semiconductor in zeolite matrix can produce good materials for optoelectronic devices. Similar to these reports, nanocomposites made of metal nanowires embedded in a dielectric matrix can be one of the future candidates to produce non-linear optical devices due to their fast response and strong non-linear absorption [20, 21] .
Many studies have been made on series of materials with different dielectric constants presenting typical non-linear optical properties arising due to typical metal nanoclusters of Au, Ag, Cu, Rh etc. [22, 23] . These metal clusters exhibit characteristic surface plasmon resonance that influences the linear and non-linear optical properties of the sample when it is irradiated by a light source. Non-linear response depends on metal concentration and on the average particle size inside the matrix [24, 25] . Second harmonic generation (SHG) is a non-linear optical process that results in the conversion of an input coherent optical wave into an output coherent wave of twice the input frequency having the same pulse width as that of the input wave with an optical intensity that is proportional to the square of the input intensity. Reports of SHG of small noble metal colloidal particles are rather scarce. Galletto et al. [27] reported SH signal from gold particles supported at air /liquid interface and hyper reyleigh scattering signal of gold colloidal solution in presence of pyridine. There are also reports of SHG studies for gold nanoparticles supported on silica surface [28] , in polymer materials [29] and as liquid dispersion [30, 31] .
Here, we report the template synthesis of silver and gold nanowires inside mesoporous silica MCM-41. Formation of nanowires inside MCM-41 was confirmed by XRD and TEM. These heterostructures were found to exhibit interesting luminescence properties as observed for direct band gap semiconductor heterostructures. These heterostructures were also used to study non-linear optical properties (NLO) corresponding to second harmonic generation (SHG).
Experimental
MCM-41 was synthesized as reported elsewhere [32] . Silver and gold nanowires were prepared inside MCM-41 by controlled reduction of their respective metal salts with sodium borohydride (NaBH 4 ) [1] as per the procedure we reported earlier [19] . The products obtained (Ag-MCM-41 and Au-MCM-41) were then characterized by using XRD, nitrogen sorption studies, TEM, UV-Visible spectrophotometer, photoluminescence and Second Harmonic Generation (SHG) studies. Powder X-ray diffraction patterns were recorded for high angle on a Philips, Holland and for low angle on Regaku Miniflex diffractometer, Japan instrument using nickel-filtered Cu Kα radiations (λ = 1.5406Å). The surface area and pore volume were determined from N 2 adsorption isotherms using a Omnisorb, 100 CX Coulter instrument.
Transmission electron imaging was performed on a JEOL 1200 EX microscope operated at 100 kV. The samples were prepared by dispersing the powders in methanol. Imaging was enabled by depositing few drops of suspension on carbon coated 400 mesh Cu grid. The solvent was allowed to evaporate before imaging.
Optical spectra were taken on an UV-Visible Hitachi spectrophotometer model U-3210. Spectra were recorded in the solution formed by suspending a small amount of powder in aqueous medium.
Room temperature photoluminescence experiments were performed on Perkin-Elmer (LS-50) photoluminescence spectrophotometer in back scattering geometry. The emission spectrum was collected in the range between 300 to 800 nm using 250 nm excitation and 290 nm filter.
Second harmonic generation (SHG) studies were carried out on aqueous suspension of samples which were illuminated with Q-switched Nd-YAG laser (wavelength 1064 nm, pulse width 40 ns and 1 pps) beam. The SHG signal generated at 532 nm was separated from the fundamental wave by using filters. Urea was used as a standard reference sample. SHG signal was measured as a function of the input laser energy.
Results and discussion

X-ray diffraction spectroscopy
The reduction of metal ions by sodium borohydride leads to the agglomeration of nanoparticles inside the channels of MCM-41. Fig. 1 (a) shows low angle X-ray diffraction patterns of calcined MCM-41, Ag-MCM-41 and Au-MCM-41. The peak appearing at the low angle of 2θ = 2.6
• corresponds to (100) plane of MCM-41 indicating an ordered pore structure of MCM-41, which can be attributed to quasi two dimensional hexagonal lattice of MCM-41 [33] . Further, loss in the intensity is observed at 2θ = 2.6
• due to the formation of metallic nanowires inside the channels of MCM-41 which is also confirmed by high angle X-ray diffraction data for (2θ = 30-60 • ) ( Fig. 1 (b) ). 
Transmission electron microscopy
The formation of Ag/Au nanowires inside MCM-41 channels is further confirmed from the Transmission Electron microscopy. The formation of nanowires may be due to low nucleation rate, unidirectional diffusion of Ag/Au atoms along pore channels and the size confinement of pore channels. Dark lines within the channels indicate nanowire formation due to agglomeration of metal clusters. Figures 2b and 2c (corresponding to Ag-MCM-41 and Au-MCM-41, respectively) revealed the average diameter of nanowires to be about ∼ 2.8 nm which is coincident with pore diameter of MCM-41 host (Fig. 2 a) . We found that along with nanowires which were straight with uniform diameter some nanowires in Au-MCM-41 that were curved with branching. In the TEM images of Ag/Au-MCM-41 some smaller Ag/Au-MCM-41 particles, removed from silica host by ultrasonic vibration during preparation of TEM specimen and few silica aggregates outside the channels cannot be neglected. 
N 2 -sorption studie
Pore characteristics of all mesoporous samples were studied using N 2 -sorption technique. Fig. 3 shows N 2 -adsorption/desorption isotherm and corresponding pore size distribution (inset) of (a) MCM-41, (b) Ag-MCM-41 and (c) Au-MCM-41. All the samples show type IV isotherm with the presence of two hysteresis loops. The one at low relative pressure ∼ 0.2-0.45 P/P 0 indicate framework confined mesoporosity and the other that occurs at P/P 0 > 0.7 corresponds to capillary condensation within interparticle pores. This indicates the filling of the pores with nanowires without damaging the mesoporosity. The values of specific surface area pore volume and pore diameter are summarized in Table 1 . A further proof that indicate pore occupancy of the host by Ag/Au nanowires is from the fact that the embedded Ag and Au nanowires inside the mesoporous MCM-41, decreases the surface area by 20 % for Ag-MCM-41 and by 23 % for Au-MCM-41 o. Pore diameter and pore volume of these samples also decrease as shown in Table 1 . 
Absorption spectroscopy
Figures 4a and 4b represents the optical absorption spectrum of Ag-MCM-41 and Au-MCM-41. A Ag-MCM-41 sample was pale yellow while Au/MCM-41 sample was pale purple upon visual observation and both were quite transparent for optical measurements. The optical absorption spectra shows a broad peak at 410 nm for Ag-MCM-41 (Fig. 4a) and at 515 nm for Au-MCM-41 (Fig. 4b) . These characteristic peaks are due to the oscillation of conduction band electrons of silver and gold (also known as surface plasmon resonance) [34] . The broadening in the peak as seen from the figure is due to the smaller diameter (∼2.8 nm) of the nanowires formed. In case of Ag-MCM-41 the observed peak position shows a red shift when compared to bare silver nanoparticle which exhibits sharp absorption peak at 390 nm [35] . The nature of Au-MCM-41 absorption spectrum is also similar to that of Au-SiO 2 mesoporous composite reported elsewhere [36] . In the present work, the shift in the λ max with the tailing of absorption to the longer wavelength can be attributed to the high dielectric constant of water (ε = 80). The particle size, aspect ratio and diameter of nanowires also plays important role in deciding the position of plasmon absorption band [37] . 
Emission spectroscopy
Figures 5a and 5b shows the room temperature emission spectrum of Ag-MCM-41 and Au-MCM-41, respectively. The inclusion of silver and gold inside MCM-41 provides three-dimensional heterostructure. Due to quantum confinement effect of metals inside the matrix, such heterostructure shows optical properties as observed for direct band gap semiconductors. The nanowires within the channels of MCM-41, which are separated by silica walls, represents conventional quantum well structure. The electronic charge distribution is delocalized along the direction normal to the well layer. The silica wall barrier thickness is 16Å as calculated from XRD [38] , which is sufficiently small to allow the coupling of electrons between adjacent wells that gives rise to new broadening and delocalized quantized states called minibands [35] . Transition of electrons in these minibands gives rise to two emission peaks at 325 and 625 nm for Ag-MCM-41 and at 
Second harmonic generation studies
The SHG intensity versus laser input energy of Ag-MCM-41 and Au-MCM-41 is shown in figures 6(a) and (b), respectively. To study the second harmonic generation of Ag and Au nanowires, self supported films were prepared using spin coating technique by dissolving polymethyl methacrylate (PMMA) in chloroform followed by addition of Ag-MCM-41, Au-MCM-41 samples. Poling was done to align the nanowires by applying a DC of 30 V. The films were poled at near the glass transition temperature (Tg) of the polymer (∼ 90 • C). Frequency doubling was observed using Nd:YAG laser with λ = 1064 nm, pulse width of 20 ns and a repetition rate one pulse per second. Powder urea was used as the reference sample. The SHG intensity, as measured on FND-100 with appropriate filters, varies as the square of the input intensity, the pulse width of fundamental beam and 2 ω beam was found to be the same thus, confirming the second harmonic generation . The coherence SHG was confirmed by using a polarizer. Metal nanoparticles such as Ag and Au show characteristic surface plasmon absorption in the visible near infrared wavelength region, known to cause a highly localized electric field at the interface between the metal surface and surrounding medium [39] . Enhanced optical non-linearity arises from the enhancement of local field near the surface plasmon resonance. Figures 6(a) and 6(b) shows the SHG of self supported films of Ag-MCM-41 and Au-MCM-41 without and with poling, respectively. SHG enhanced with poling as shown in figure 6(b) is mainly due to the molecular segment along with the dopant near Tg reaching an anisotropic state due to induced orientational order. The orientation order is retained without relaxation by reducing the temperature to ambient with the electric field on such that the aligned dopants are active and the polymer segmental motion is retarded. Thus, poling helps to enhance the SHG. Without poling, the sample showed less SHG as is seen in figure 6(a) . It is well known that inhomogenities present in the host-guest system scatter the SHG light thus resulting in decreased intensity of the SHG. 
Conclusions
We report herein, a synthesis of nanowires of silver and gold inside the channels of MCM-41 host. The controlled reduction of the respective metal salts with sodium borohydrate leads to agglomeration of nanoparticles inside the channels of host materials which resulted in formation of nanowires. Utilizing the template method, Ag/Au nanowires of ∼2.8 nm coincident with channel diameter of MCM-41 were formed and confirmed by TEM. This may be due to unidirectional diffusion of Ag/Au atoms along pore channels as is indicated by dark lines (Figure 2a and 2b) . These heterostructured materials exhibit interesting luminescence properties as observed for direct band gap semiconductors. The optical characterization of these heterostructure materials show second hormonic generation with an increase in SHG intensity after poling than with the unpoled samples.
